ABSTRACT. Endometriosis is a gynecologic pathology with a high prevalence and unknown etiology. Therefore, an increasing number of studies has been undertaken to search for associations between endometriosis and alterations or polymorphisms in candidate genes, including glutathione S-transferase mu 1 (GSTM1) and glutathione S-transferase theta 1 (GSTT1). We analyzed the frequency of present/absent polymorphisms of GSTM1 and GSTT1 in 50 women diagnosed with endometriosis and in a control group of 46 women without complaints related to this pathology. The association of these polymorphisms with p53 gene codon 72 was also evaluated within each group, and a higher frequency of absence of GSTM1 (61%) and GSTT1 (45%) genes in the group of women studied, women with endometriosis and control group was found. The contributions of GSTM1 and GSTM1 and GSTT1 polymorphisms in endometriosis GSTT1 polymorphisms to the proliferation of endometriosis were not statistically significant, but the analysis of pathology and the association of GSTM1 and GSTT1 gene polymorphisms with p53 codon 72 revealed statistical significance.
INTRODUCTION
Endometriosis is the presence of functional endometrial stromal glands outside the uterine cavity. Three different forms of endometriosis are possible -rectovaginal, cystic ovarian, and peritoneal -each with its own pathogenesis, symptoms, natural history, and treatment (Dunselman et al., 2001) . The etiology of endometriosis is unknown, although a multifactorial origin from a combination of immunological, genetic, and environmental factors is considered the most plausible (Porpora et al., 2009 ).
The prevalence of endometriosis in asymptomatic women is 2-50% depending on the diagnostic criteria used and the population studied. The prevalence in women with dysmenorrhea is 40-60%. In women with subfertility, the prevalence is 20-30% (Farquhar, 2007) . Endometriosis is the most common cause of pelvic pain and occurs in 13-33% of women with infertility (Kyama et al., 2003) . Its prevalence and severity are reportedly increasing in developing countries (Porpora et al., 2009) . Between 20 and 40% of women with infertility have endometriosis. Among young women with chronic pelvic pain unresponsive to hormonal therapy or treatment with nonsteroidal anti-inflammatory drugs, the prevalence of endometriosis is approximately 70% (Halis et al., 2010) .
The production of reactive oxygen species by peritoneal fluid seems to be increased in women with endometriosis, and altered expression of enzymes involved in bodily defense against oxidative stress has also been observed in the endometria of women with this condition. Excessive production of reactive oxygen species may also be a result of exposure to environmental compounds that disrupt the balance between pro-oxidants and antioxidants (Nakata et al, 2004) .
Recently, several genetic studies have revealed an association between the development of endometriosis and certain genetic polymorphisms. However, the genes that play a role in the susceptibility to and progression of endometriosis remain unknown (Attar et al., 2010) .
The diagnosis of endometriosis is usually made based on clinical history, as the results of physical examination are often normal (Jackson and Telner, 2006) . The most definitive test to diagnose endometriosis is laparoscopic visualization of typical lesions and biopsy, but these procedures are not always necessary. The level of pain does not always correlate with the severity diagnosed laparoscopically. Of all lesions and biopsies, only 45% confirm endometriosis. Negative results of diagnosis by laparoscopy are accurate for excluding endometriosis (Jackson and Telner, 2006) . A large body of evidence demonstrates an association between endometriosis and infertility. Endometriosis is found in up to 50% of infertile women (American Society for Reproductive Medicine, 2012) .
The role of glutathione S-transferase (GST) polymorphisms as a risk factor for endometriosis has been extensively researched. GSTs are key enzymes of phase II that catalyze the conjugation of glutathione to numerous potentially genotoxic compounds. Although the results are not entirely consistent, several studies have suggested a correlation between endometriosis and the GST mu 1 (GSTM1) or GST theta 1 (GSTT1) genotypes (Ertunc et al., 2005) . Given the detoxifying properties of the GST family of enzymes, a lack of function or reduction in detoxifying enzymes owing to a deletion polymorphism may predispose women to endometriosis (Guo, 2005) .
MATERIAL AND METHODS

Subjects and samples
Fifty samples were collected from women (mean age, 33.2 years) with laparoscopyconfirmed endometriosis, and 46 samples were obtained from women (mean age, 37.40 years) without complaints related to endometriosis. Genomic DNA was extracted using a Wizard ® Genomic DNA Purification kit (Madison, WI, USA) following manufacturer recommendations. DNA integrity was certified with electrophoresis using a 2% agarose gel stained with 0.5 mg/mL ethidium bromide and visualized using the video documentation system VDS ® (Amersham Biosciences, USA).
Molecular analysis
DNA samples were subjected to polymerase chain reaction amplification to determine the presence of GSTM1 and GSTT1 polymorphisms using the following gene sequences: forward, 5'-GAACTCCCTGAAAAGCTAAAGC-3' and reverse, 5'-GTTGGGCTAAATATAC GGTGG-3'; and forward, 5'-TTCCTTACTGGTCCTCACATCTC-3' and reverse, 5'-TCACCG GATCATGGCCAGCA-3', respectively. Amplification for the detection of present/absent polymorphisms of GSTM1 and GSTT1 genes was performed in a volume of 25 µL. The cycling conditions for the amplification of GSTM1 primers were as follow: initial denaturation at 94°C for 5 min and 35 cycles of denaturation at 94°C for 1 min, annealing at 59°C for 1 min, and polymerization at 72°C for 1 min until a final extension at 72°C for 7 min. The thermocycling protocol for amplification of GSTT1 primers was as follows: initial denaturation at 94°C for 5 min and 35 cycles of denaturation at 94°C for 1 min, annealing at 57°C for 90 s, and polymerization at 72°C for 1 min until a 72°C final extension for 7 min.
All analyses were performed in duplicate, and the human ZFX/Y gene was used as an internal control with the following sequences: forward, 5'-ACCRCTGTACTGACTGTGATTACAC-3' and reverse, 5'-GCACYTCTTTGGTATCYGAGAAAGT-3'. The product obtained from each reaction was subjected to electrophoresis on 2% agarose gel in an electric field of 10 V/cm, stained with 5 µg/mL ethidium bromide, and visualized and recorded with the aid of a video documentation system (Image Master VDS ® , Amersham Pharmacia Biotech). Table 1 shows the genotypic frequencies of the GSTM1 and GSTT1 genes in the endometriosis and control groups. In the endometriosis group, the frequency of the presence of the GSTM1 gene was approximately double (50%) that of the control group (26%), and this difference was statistically significant (P = 0.0162). The frequency of the GSTT1 polymorphism was 1.65 times higher in the endometriosis group (68%) compared to that in the control group (41%), and this difference was statistically significant (P = 0.0086).
RESULTS
The correlation of the frequency of the Arg/Arg and Arg/Pro + Pro/Pro alleles of p53 associated with the GSTM1 and GSTT1 polymorphisms between the endometriosis group (N = 50) and the control group (N = 46) is shown in Table 2 . The association of the GSTM1 gene with Arg/Arg had twice the frequency in the endometriosis group (20%) compared to that in the control group (10%), and the association of GSTM1 polymorphisms with Arg/Pro + Pro/ Pro was 3 times higher in the endometriosis group (30%) compared with that in the control group (10%). These differences were significant (P = 0.0046). The frequency of GSTT1 null associated with Arg/Arg was 4 times higher in the control group (35%) compared to that in the endometriosis group (8%), and the frequency of GSTT1 present associated with Arg/Pro + Pro/Pro was approximately 2 times higher in the endometriosis group (40%) compared to that in the control group (17%). These differences were significant (P = 0.0070). 
DISCUSSION
The present study found a higher frequency of absence of the GSTM1 (61%) and GSTT1 genes (45%) in the women studied (N = 96), including those with and without endometriosis, and these results corroborate with those in the literature, as most of the subjects indicated that they were white (N = 71). Based on ethnicity, Gattas and Soares-Vireira (2000) investigated mutations in the genes of healthy individuals from São Paulo, Brazil, including 206 white and 86 black subjects, and found that the GSTM1 null genotype was significantly more frequent among white subjects (60.2%) compared to the frequency in black subjects (41.9%). Arruda et al. (1998) have studied the null GSTM1 and GSTT1, with respect to ethnicity genotypes in a group of Brazilian subjects from 3 regions of the country, north, northeast, and southeast, and found a higher frequency of GSTM1 null among white subjects (55%), followed by 33% in black subjects and 20% among the Amazonian Indians. The GSTT1 null genotype was found to have a homogeneous distribution among the descendants of white and black subjects (18.5 and 19%, respectively) and a lower frequency among Amazonian Indian descendants (11%). Cotton et al. (1999) have reported that the frequency of the GSTT1 null genotype is lower than that of the GSTM1 genotype in African, African American, and white populations, with a frequency range in Africans between 15 and 26% and between 10 and 21% in Europeans.
We observed that patients with endometriosis displayed a higher presence of GSTM1 and GSTT1 genes, whereas the control group (patients without clinical signs related to endometriosis) displayed a greater absence of these genes, suggesting that GSTM1 and GSTT1 are unrelated to the cell proliferation of endometriosis. The control group was not diagnosed using the gold standard for endometriosis owing to the invasiveness of the examination; instead, diagnosis was performed using video laparoscopy (Abram et al., 2007) . Our next step will be to evaluate the GSTM1 and GSTT1 polymorphisms in a group of patients undergoing laparoscopy with no confirmatory diagnosis of endometriosis.
A study by Hur et al. (2004) found no association between GSTM1 and GSTT1 polymorphism and the development of endometriosis. This study was conducted in Korean women to analyze polymorphic GSTM1, GSTT1, and GST pi 1 and endometriosis and included 194 women with endometriosis confirmed by laparoscopy and 259 who underwent laparoscopy and laparotomy without diagnosis of the disease (control). No significant difference was found between the endometriosis group (57.7%) and the control group (56%) for the GSTM1 null polymorphism. The same results were found for the GSTT1 polymorphism: 53.6% of subjects in the endometriosis group and 48.3% in the control group displayed absence of the gene. The authors analyzed the same gene sequences examined in the present study. Jun et al. (2003) have found significant frequency of both the GSTM1 and GSTT1 null genotypes, 72.1% (49/68) and 77.9% (53/68), respectively, in patients with andometriosis (N = 68) compared with controls (N = 28), who displayed 42.9% (12/28) GSTM1 null and 32.1% (9/28) null GSTT1. The authors analyzed the same GSTT1 gene sequence examined in the present study, but the sequence of the GSTM1 null genotype was different.
We studied the association of the p53 gene codon 72 with GSTM1 and GSTT1 polymorphisms among women with endometriosis and women without clinical signs of the pathology and found a significant association that suggested that these polymorphisms may act as a risk factor for the proliferation of endometriosis. Ribeiro et al. (2009) have found a similar result in an evaluation of the p53 codon 72 polymorphism in 2 groups of patients with endometriosis -one with detected infertility and the other without. No significant difference in distribution of the p53 codon 72 polymorphism was observed between the groups (P = 0.0974). However, a significant association was found with pain intensity in homozygous or heterozygous patients for the Pro allele (P < 0.001). The presence of the Pro allele is more closely related to patients with infertility and with a more severe clinical presentation of the disease. The authors concluded that the p53 polymorphism may be used as a molecular marker for endometriosis associated with infertility and worsened symptoms and therefore as an aid in the diagnosis, prognosis, counseling, and treatment of the disease.
The frequency of the GSTM1 and GSTT1 null polymorphisms was 61 and 45% in the endometriosis (fertile and infertile) and control groups, respectively, which agrees with results published in the literature given that our study group was composed mostly of white women, which have a higher frequency of absence of these genes. The GSTM1 and GSTT1 null polymorphisms had no statistically significant relationship to the proliferation of endometriosis.
The frequency of the Arg/Arg allele with the GSTM1 null polymorphism was 3 times higher in the control group compared with that in the endometriosis group, and the presence of GSTM1 associated with these alleles in the endometriosis group was twice that in the control group. The presence of the Arg/Arg allele with GSTT1 null in the control group was 4 times as frequent as that in the endometriosis group. The frequency of the Arg/Pro + Pro/Pro alleles associated with the presence of GSTM1 polymorphism in women with endometriosis was 3 times higher than that in the control group. The frequency of the Arg/Pro + Pro/Pro alleles associated with the presence of GSTT1 in the group with endometriosis was approximately twice that of the control group.
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